We evaluated the effect of time to surgery on tumor growth by comparing initial imaging and pathologic tumor size estimates. We also determined predictors of delay to surgery. Background: Preoperative work-up, coordination of reconstructive surgery, and referral to tertiary care centers can delay surgical treatment of breast cancer. Whether these delays are associated with interim tumor progression is unknown. Methods: We identified 818 clinically node-negative breast cancer patients at our cancer center who had undergone surgery as their first therapeutic modality for invasive breast cancer from September 2003 to December 2006. Baseline tumor size was determined by mammography and sonography; tumor size at surgery was determined from pathology reports. Results: The median time from imaging to surgery was 21 days (1-132 days). In multivariate analysis, increased time to surgery was associated with older age, total mastectomy versus breast-conserving surgery, and reconstructive surgery. The median difference from baseline mammographic tumor size to surgery was 0 cm (8.6 cm smaller to 7.3 cm larger at surgery). The median difference from baseline sonographic tumor size to surgery was 0.1 cm (7.5 cm smaller to 8.3 cm larger at surgery). Neither of these differences was significantly associated with time to surgery. Time to surgery was associated with positive lymph nodes at surgery; however, no association was found after controlling for other prognostic factors. Conclusions: Modest time intervals from imaging to surgery are not significantly associated with change in tumor size; thus, patients may undergo preoperative work-up without experiencing significant disease progression.
T he recent focus on health care policy has stimulated interest in optimizing multidisciplinary breast cancer care, with one emphasis being on quality assessment. The wait time from diagnosis to treatment is a component of these discussions and had been proposed as a quality measure. This issue is likely to become increasingly relevant as our population ages and there are a greater number of at-risk women aged 50 years or more. 1 The aging of our population is likely to translate into an increased number of breast cancer diagnoses and the number of patients requiring surgical management of their disease. It is anticipated that this could burden health care systems that have not secured the resources required to meet this increasing demand for surgical care. In addition to an increase in the number of patients requiring surgery, other considerations/issues that can delay the surgical treatment of breast cancer include coordination of reconstructive surgery, co-morbidity evaluation, and referrals to tertiary care centers.
Whether modest treatment delays are associated with disease progression is unknown. Weedon-Fekjaer et al 2 developed a model that estimates tumor progression by calculating tumor size as a function of size at mammography (the gold standard for breast cancer screening) versus size at clinical detection. A mean growth rate of 1.7 years was found for an increase from 10 to 20 mm. However, large variations existed in tumor growth and tumor doubling times at 15 mm, varying from 41 days for the first quartile to 234 days for the fourth quartile. Older women had significantly slower growing tumors. Thus, patient and tumor characteristics may be predictive of tumor growth rates during delays to surgical treatment.
In this retrospective study, we determined the difference in tumor sizes at initial imaging performed at our cancer center and at surgery in patients undergoing treatment for breast cancer. We also determined predictors of delays to surgery.
PATIENTS AND METHODS
The Breast Surgical Oncology prospective database at The University of Texas M. D. Anderson Cancer Center (Houston, TX) was used to identify patients who had been diagnosed with invasive breast carcinoma from September 2003 to December 2006. Electronic records of reports were reviewed to obtain tumor sizes on mammography or sonography performed at outside facilities before presentation at our institution. All patients in this study had undergone repeat diagnostic imaging to include mammogram or ultrasound at the M. D. Anderson Cancer Center, followed by primary surgical treatment. Patients were excluded from the study if they had undergone neoadjuvant systemic therapy, were clinically node positive at presentation, or had undergone surgical excision of the primary tumor before presenting at M. D. Anderson. The final tumor size was defined as the pathologic tumor size at surgery. This study was approved by the M. D. Anderson institutional review board with waiver of informed consent.
Electronic records were reviewed to extract the relevant clinicopathologic features. Baseline tumor size was determined by mammography or sonography. Patient and tumor characteristics were summarized using medians and frequencies. The change in tumor size was defined as the pathologic tumor size minus the sonographic tumor size or the pathologic tumor size minus the mammographic tumor size. Equal tumor size estimates were reported as the "same." The time from imaging performed at our institution to surgery was calculated in days. The time interval was evaluated as a predictor of tumor size change in univariate and multivariate generalized linear models for an unbalanced analysis of variance. In the multivariate model, we controlled for patient age; baseline sonographic or mammographic tumor size; estrogen receptor (ER), progesterone receptor (PR), and HER 2 status; and tumor grade and histologic type. Independent variables included in the model of time from imaging to surgery included patient age, surgical procedure, number of procedures, and reconstructive surgery. We also used univariate and multivariate logistic regression analyses to determine whether time from imaging to surgery was associated with positive nodal status at surgery and to compute odds ratios and 95% confidence intervals (CIs). In the multivariate model, we controlled for patient age; imaging tumor size; tumor grade; ER, PR, and HER 2 status; lymphovascular invasion; tumor histologic type; tumor focality; and time from imaging to surgery. Calculations were performed using SAS software version 9.2. All P values were 2-tailed and considered statistically significant at less than 0.05.
RESULTS

Patient Characteristics
We identified 818 patients who had been diagnosed with clinically node-negative invasive breast carcinoma and underwent initial surgical intervention at M. D. Anderson. Patient and tumor characteristics are summarized in Table 1 . Most patients (77%) had invasive ductal carcinoma, 16% had invasive lobular carcinoma, and 7% had other types of invasive carcinomas. The median age at diagnosis was 58 years (range, 29-88 years). Initial surgical interventions included breast-conserving surgery (571 [70%]) or total mastectomy (247 [30%]). One hundred forty-three (18%) patients underwent immediate breast reconstruction. Twenty-four (4%) of the 571 patients who underwent breast-conserving surgery and 119 (48%) of the 247 patients who had undergone total mastectomy also underwent reconstructive surgery. The median time from initial imaging at M. D. Anderson Cancer Center to surgery was 21 days (range, 1-132 days). 
Comparison of Imaging and Pathologic Tumor Sizes
We first determined the difference between mammographic and pathologic tumor sizes. Six hundred thirty-five patients underwent mammography at our institution. The pathologic tumor size was the same as the mammographic size in 14% of patients (n = 88), smaller in 49% (n = 311), and larger 37% (n = 236; Fig. 1A ). Pathologic and mammographic tumor sizes differed by ≤0.5 cm in 70% of cases. The median change in tumor size from mammography at our institution to surgery was 0 cm (range, 8.6 cm smaller to 7.3 cm larger at surgery). The time from imaging to surgery was not significantly associated with the difference in mammographic and pathologic tumor size estimates, either in univariate analysis or in a multivariate model that controlled for patient age; tumor histologic type; tumor grade; ER, PR, and HER2 status; and mammographic tumor size.
We next determined the difference between sonographic and pathologic tumor sizes. Seven hundred seventy-eight patients had undergone sonography at our institution. Pathologic tumor sizes were the same as sonographic size estimates in 11% of patients (n = 82), smaller in 38% (n = 294), and larger in 52% (n = 402; Fig. 1B ). Pathologic and sonographic tumor sizes differed by ≤0.5 cm in 72% of cases. The median difference between baseline sonographic and pathologic tumor size from was 0.1 cm (range, 7.5 cm smaller to 8.3 cm larger at surgery). In univariate and multivariate analysis, the time interval to surgery was not significantly associated with differences between sonographic and pathologic tumor size. In addition to time from imaging at our institution until surgery, we calculated time from first imaging, whether at an outside facility or M. D. Anderson, until surgery and change in tumor size over that period of time. In both univariate and multivariate models, no significant association was detected between time from first imaging until surgery and the change in tumor size according to the mammogram and ultrasound ( Fig. 3A and B ).
Comparison of Imaging Tumor Sizes Between Institutions
Tumor size estimates for 620 patients with imaging performed at outside facilities were compared with those from our institution. Mammographic tumor size estimates at our institution were the same as those at outside facilities in 32% of cases, smaller in 21%, and larger in 48% ( Fig. 2A) . Sonography estimates at our institution were the same in 11%, smaller in 25%, and larger in 65% (Fig. 2B ). Among patients who had tumor size estimates, the median time between imaging at outside facilities and at our institution was 33 days (range, 1-418 days). No statistically significant association was found between the differences in the outside facilities' and our institution's tumor size estimates and time lapse between the imaging at the separate facilities. 
Predictors of Delays to Surgery
In univariate analysis, initial surgical intervention type (P < 0.0001) and reconstructive surgery (P < 0.0001) were significantly associated with time from imaging at M. D. Anderson to surgery. Patients who underwent total mastectomy had a longer time to surgery (median, 26 days; range, 2-132 days) than did those who underwent breast-conserving surgery (median, 17 days; range, 1-116 days). In addition, patients who underwent reconstructive surgery had a median delay of 29 days (range, 4-124 days) versus 19 days (range, 1-132 days) in those who had not undergone reconstructive surgery. A nonsignificant trend was found between older patient age and increased time to surgery (P = 0.0752). The results of multivariate modeling indicated that total mastectomy (P = 0.0121), reconstructive surgery (P = 0.0005), and older age (P = 0.0022) were significant predictors of increased time from initial M. D. Anderson imaging to surgery. In addition to analyzing delay from imaging until surgery for the entire sample, we performed several subgroup analyses based on the time from imaging until surgery. We examined each of the following subsets; those with a delay over the median of 21 days, those with a delay over 35 days (3rd quartile), 49 days (top 10%), and 59 days (top 5%). No association between the delay from M. D. Anderson imaging until surgery and change in tumor size was found for any of these subgroups ( Fig. 4A and B ).
Predictors of Nodal Metastasis
We also identified variables associated with positive lymph nodes at surgery. All 818 patients included in this study were clinically node negative at the time of staging sonography; 193 (24%) had nodal metastasis at surgery. In univariate analysis, the delay between imaging at our institution and surgery was significantly associated with nodal metastasis (P = 0.0110). In addition, young age at diagnosis (P = 0.0151), large tumor size on imaging (P = 0.0014), high tumor grade (P = 0.0194), ER-positive status (P = 0.0062), lymphovascular invasion (P < 0.0001), invasive lobular tumor histologic type (vs. ductal, P = 0.0020), other invasive carcinoma (vs. ductal, P = 0.0102), and tumor multifocality on sonography (P = 0.0384) were significantly associated with nodal metastasis. PR status and HER2 status were not significantly associated with nodal status at surgery. In multivariate analysis, however, time to surgery was not significantly associated with nodal status after we controlled for patient age; tumor grade and histologic type; ER, PR, and HER2 status; lymphovascular invasion; and baseline imaging size at M. D. Anderson (Table 2) . Furthermore, no association was detected between time delay between time from first imaging, performed either at an outside facility or at M. D. Anderson, until surgery, and nodal status.
DISCUSSION
Breast cancer growth occurs over years before it can be detected with standard imaging studies; however, tumor growth rates may vary. 2 Therefore, in this study, we determined whether delays from imaging to surgery were associated with tumor growth, as determined by differences between pathologic and imaging tumor sizes. The median time from imaging at our facility to surgery was 21 days. Discrepancies between pathologic and imaging tumor sizes did not follow a pattern that would indicate interim tumor growth had occurred. This finding suggests that modest treatment delays are not associated with significant tumor growth.
Increasing interest in optimizing health care quality has led to an emphasis on reducing time to treatment initiation. Several groups have proposed that time from diagnosis to surgery be used as a quality measure for breast cancer treatment. 3, 4 However, patients often seek second opinions and care at tertiary care centers or immediate reconstructive surgery, all of which may ensure or enhance quality but also delay time to initiation of therapy. Furthermore, it is not uncommon for patients to request surgical delays of a few weeks to coordinate travel of relatives, work schedules or for other personal reasons.
National health care systems have been referenced as potential models of standards of care. In the United Kingdom, the Department of Health stated that survival rates for women with breast cancer would improve if regional variations in the delivery of relevant services were reduced; thus, it recommended that breast cancer be treated only in specialist cancer units. 5 In 1999, they began an initiative in which all patients with suspected breast cancer are evaluated by a specialist within 2 weeks of their general practitioner's request for an appointment. 6 In our study, the median time from imaging at outside facilities to imaging at our institution was 33 days, illustrating that although specialist referrals may ensure quality care, they also confer additional delays.
In its position statement, the Canadian SSO recommends that patients undergo treatment within 2 weeks of completing any necessary preoperative tests. However, the 2-week recommendation has been scrutinized. Bardell et al 7 found that wait times in Ontario increased from 12 days in 1984-1987 to 27 days in 1998-2000. The median wait time from first diagnostic procedure to first surgery in Quebec was 42 days in 1998, an increase from 29 days in 1992. Furthermore, Reed et al 8 found that wait times increased 2 days per year from 1997 to 2000. These increases may reflect increases in breast cancer incidence; practice pattern changes, including preoperative work-up, care access and staff and operating room availability. All of these remain important factors in the United States as well, and the impending shortage of general surgeons in United States is likely to result in additional delays nationwide. 9 Several patient factors have been associated with diagnostic delays, including older patient age, full-time employment, and somewhat surprisingly, higher education and family history of breast cancer. 10 Studies have also addressed the reasons for delay of adjuvant therapy after surgery. Hershman et al 11 reported that delays in initiating chemotherapy were associated with factors such as older age, rural location, being unmarried, early tumor stage, hormone receptor positivity, use of mastectomy, and not undergoing radiation therapy. Similarly, in our study, older age was associated with longer time to surgery. The retrospective nature of our study did not allow us to determine the reason for this association, but it may be due to patient-related medical factors, such as preoperative work-up of comorbidities, or personal factors, such as postoperative care arrangements. Alternatively, it may be provider related. In our study, mastectomy and reconstructive surgery were associated with treatment delays. Most patients with early stage breast cancer at our institution have the opportunity to undergo immediate reconstructive surgery at the time of mastectomy and scheduling a coordinated procedure with 2 surgeons may contribute to a delay in treatment. However, immediate reconstruction is advantageous, both from an esthetic standpoint and a psychosocial standpoint. 12 Our results suggest that modest delays in scheduling are unlikely to result in significant interim tumor growth.
Whether delays in breast cancer diagnosis and treatment adversely affect prognosis has been a subject of debate. In a systematic review of published studies, Richards et al 13 reported that delays of more than 3 months between symptom onset and treatment were associated with a 12% reduction in 5-year survival rates. However, upon further investigation through a single center retrospective analysis, Richards et al 14 reported that delayed presentation was not significantly associated with survival when it was included with tumor size and stage in a multivariate model. Delayed initiation of chemotherapy beyond 3 months after surgery has also been associated with increased disease-specific mortality (hazard ratio = 1.69, 95% CI = 1.31-2.19) and overall mortality (hazard ratio = 1.49, 95% CI = 1.21-1.75). 11 The results of some studies have suggested that a delay in radiation therapy after breast-conserving surgery does not affect outcomes, 15 but a systematic review of 8 studies that compared local disease control among patients treated within 8 weeks of surgery with that among patients treated more than 8 weeks after surgery demonstrated that 5-year local recurrence rates were significantly higher in patients whose treatment was delayed (odds ratio = 1.62, 95% CI = 1. 21-2.16 ). 16 In all of these studies, whether the adverse outcome was due to the delay or to factors associated with the delay is unclear. Regardless, treatment delays may result in genuine risks for adverse outcomes. The patient series reported in this study was relatively recent; thus, we do not have enough follow-up data to assess long-term outcomes. Further study is needed to determine the relative oncologic safety of modest operative delays on distant disease-free and overall survival.
Predictors of nodal metastasis have been well described in the medical literature. Large tumor size, lymphovascular invasion, and high tumor grade have consistently been shown to be significant predictors of axillary lymph node metastasis. [17] [18] [19] [20] Similarly, we found that large tumor size on imaging, lymphovascular invasion, invasive ductal and invasive lobular tumor histologic type, ER positivity, and tumor multifocality were significantly associated with nodal metastasis at surgery. Time to surgery was associated with nodal positivity in univariate analysis, but it was not in multivariate analysis. Both nodal positivity and mastectomy and reconstruction (and thus time to surgery) may be associated with a common variable (eg, large tumor size). However, further studies are needed to confirm that no association exists between time to surgery and nodal progression.
The current study has several limitations. First, we used initial imaging size-pathologic size discordance as a surrogate for tumor growth. Unfortunately, our current imaging methods are limited in their ability to accurately predict tumor size. As in other reports, 21, 22 mammographic and sonographic tumor size were modestly correlated with pathologic size. Differences between outside facility and M. D. Anderson estimates may have resulted from the use of analog versus digital mammographic technology. Magnetic resonance imaging (MRI) has been reported to be more accurate at assessing tumor size, but it is not routinely used at our institution. 22, 23 However, it is notable that MRI use itself has been associated with a 22.4-day delay in pretreatment evaluation (P = 0.011). 24 Second, assessing the change in tumor size as measured by imaging at diagnosis to the size on imaging immediately before surgery may allow more uniform comparison of disease progression. Needle localization for breast conserving surgery is the only imaging performed before surgery at our institution. However, tumor size estimates are not evaluated or recorded. Patients that undergo mastectomy do not receive preoperative imaging, therefore, no imaging size estimates are available to perform this type of analysis in a retrospective fashion. Third, our study had patient selection limitations: as our primary endpoint relied on pathology-imaging correlation, our study cohort was limited to patients who had undergone surgery first. During the time period of this study, neoadjuvant chemotherapy was widely used at our institution, with many patients with stage II and III tumors being treated with chemotherapy first. Thus, patients with more aggressive tumors may not have been included in our study. Fourth, because of the retrospective nature of our study, we were not able to determine the reasons for surgical delays. Finally, this was a recent patient series: it reflects our current practice but does not allow us to determine the effect of delays on disease-free and overall survival. Continuing to gather vital data from segregated studies will provide the information necessary to optimize breast cancer treatment.
We recommend patients with palpable masses, symptoms, or imaging findings that are suggestive of breast cancer, be appropriately evaluated and treated. Our findings suggest that in patients who present with operable disease, modest delays associated with therapeutic planning are not associated with primary tumor growth. Therefore, patients may seek specialized care, including reconstructive surgery. When assessing breast cancer care quality, time to surgery should be evaluated in the context of surgical outcome quality. However, further study is needed into strategies to shorten time to surgery.
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